Background
Saudi Arabia has one of the highest prevalences of type 2 diabetes (T2D) worldwide. 1 The prevalence of T2D was estimated at ~24% among Saudi adults, which is considered three times higher than the average global prevalence (8.3%).
1,2 As T2D is characterized by a progressive decline in pancreatic beta-cell function and increased insulin resistance, the majority of patients with T2D are using oral hypoglycemic drugs to achieve or sustain glycemic control. 3 Thiazolidinediones, such as pioglitazone, are synthetic oral hypoglycemic drugs that improve glycemic control by improving the sensitivity of hepatic and peripheral (muscle and adipose) tissue to insulin. 
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Pioglitazone was shown to be effective in reducing HbA1c level (by up to 1.5) in patients with T2D when used as monotherapy or in combination with other oral hypoglycemic drugs as well as with insulin. 5, 6 In addition, pioglitazone was shown to have some benefits on lipid metabolism and cardiovascular risk. 7 However, a consensus statement of the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) advised in 2009 to exercise caution in using pioglitazone by its association with fluid retention, congestive heart failure, and fractures, especially in older women. 8 A couple of years later, additional concern on pioglitazone use was sparked after its possible association with bladder cancer, 9 which was recently confirmed in a meta-analysis of six studies. 10 Despite the safety warnings issued for pioglitazone, its utilization continued in several countries without significant reduction. 11, 12 In addition, pioglitazone is still considered by ADA as a useful alternative to nontolerated metformin monotherapy, with modest cardiovascular benefits. 13, 14 However, individualized patient risk-benefit assessment has been advised before the use of pioglitazone. 15 Therefore, we developed a pioglitazone safety monitoring sheet to choose the optimum candidate patient and to limit the impact of its adverse events. The objective of the current study is to assess the adherence of treating physicians in our primary care center with the components of the safety monitoring sheet and determine the reasons for pioglitazone discontinuation.
Methods
The study was conducted in chronic diseases center (Ch.D.C.) at the Al-Wazarat Healthcare Center (WHC) at a large family medicine center in Riyadh, Saudi Arabia. The total monthly number of diabetic patients served in the unit is ~23,460 patients. Diabetic patients are served by family medicine clinics (six clinics in the morning session and five clinics in the afternoon session) which are run by family medicine physicians. A pharmacy clinic (covers nine sessions per week) is run by a clinical pharmacist specialist, and other clinics are run by diabetic educator, health educator, dietitian, and social worker. The current data were collected in the clinical pharmacist clinic.
Patients with T2D who were receiving care at chronic diseases unit since 2011 and who were using pioglitazone (irrespective of the dose) were potential candidates for the current study. Those who continued their care at another center (N=9) and those who did not return to continue treatment after pioglitazone prescription (N=3) were excluded from the study. As per recommendations of international agencies, 13, 16 local policies at chronic diseases unit required not to initiate pioglitazone therapy in patients with heart failure, highly elevated liver enzymes (>2.5-fold higher than the upper limit of normal), severe osteoporosis without adequate treatment, and history of cancer bladder.
The study design is a retrospective chart review of patients with T2D, who have been started on oral pioglitazone since January 2011 until the end of December 2014. The study outcomes were monitored during patient visits scheduled during the first 12 months following the start of pioglitazone. The first visit was for determining pioglitazone eligibility and is considered as the baseline. Informed consents were not obtained from the patients as it was considered as monitoring of routine care. The study was approved by the Research Committee of primary health care center in Prince Sultan Military Cardiac Center (PSMMC). The Research Committee at PSMMC waived the requirement for informed consent from patients because this study was a chart review for standard care procedures.
The main study outcomes included the physicians' adherence to pioglitazone safety monitoring as well as frequency and reasons for pioglitazone discontinuation. Pioglitazone adverse events monitored include weight gain (≥3 kg increase between the first and the last visits), peripheral edema, elevated liver enzymes (threefold higher than upper limit of normal), electrocardiogram (ECG) abnormalities, bone mineral density (BMD) abnormalities (osteoporosis), and hematuria (using urine dipstick). Pioglitazone discontinuation was defined as stopping taking pioglitazone after its initiation, irrespective of the development of adverse events. As per the local policy, a physician should consider discontinuing pioglitazone therapy if any of the above pioglitazone adverse events develops.
Data collection tools
Pioglitazone safety monitoring sheet was used to collect the data. This sheet was locally developed at the chronic disease unit and is required (as per the local policy) to be filled before and following the prescription of pioglitazone. In addition to pioglitazone adverse events described above, patient demographics (age and gender), eligibility to initiate pioglitazone therapy, and the dose of pioglitazone were included.
Statistical methods
Patient demographics, glycemic control, and pioglitazone adverse events were presented as frequency and percentages for categorical variables and mean and standard deviation (SD) for continuous variables. Paired t-test was used to examine the changes in weight and glycemic control between 
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Safety monitoring for pioglitazone the baseline and last visit. Missing data at a specific visit were defined as withdrawal due to loss to follow-up or lack of documentation of pioglitazone monitoring sheet.
Results
A total of 183 patients (78 males and 105 females) were included in the current analysis. Table 1 
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Tourkmani et al patients increased the dose from 15 to 30 mg. No information about the dosage given at initiation was found for 51 (27.9%) patients. The average baseline HbA1c was 9.1±1.7. The patients experienced a significant reduction in HbA1c during the study, with the mean difference between the first and last visits being -1.22±0.79 (p<0.001). At baseline, 3 (1.6%) patients had edema, 6 (3.3%) had abnormal ECG, 9 (4.9%) had elevated liver function tests (LFTs), 6 (3.3%) had osteopenia, 3 (1.6%) had osteoporosis, and 3 (1.6%) had hematuria (Table 1) . Table 2 shows the contraindications for the initiation of pioglitazone that have been found in the patients. Only 4 patient records show elevated liver enzymes. However, the patients were on medications.
As shown in Figure 1 , the side effect of pioglitazone that was associated with high monitoring adherence (at least two records) was weight gain 173 (94.5%). The side effects with moderate monitoring adherence are LFTs (47.5%) and edema (31.1%) and with low monitoring adherence are BMD (18.0%) and ECG (16.4%). There were no follow-up records for hematuria. Among the 173 patients whose weight was monitored at least twice, the average weight change between the first and last visits was 2.36 kg gain (95% confidence interval of the change was 1.71 to 3.01 kg). This change was statistically significant (p<0.001). As shown in Figure 2 , the distribution of weight change shows increasing trend with two-thirds of the observations >0.
Adverse events of pioglitazone were monitored in 171 out of the 183 patients, with 81 (44.3%) having one or more adverse events. As shown in Figure 3 , the most common side effect was weight gain (35.6%) defined as ≥3 kg gain between the first and last visits, followed by osteoporosis (10.5%), edema (8.8%), hypoglycemia (7.0%), elevated liver enzymes (3.5%), and osteopenia (3.5%). There were no reported ECG abnormalities.
Out of the 183 patients included, 117 (63.9%) discontinued pioglitazone during the study. As shown in Figure 4 , the most common reasons for discontinuation of pioglitazone were shifting to insulin therapy (28.2%), significant weight gain (25.6%), lost to follow-up (15.4%), hypoglycemia (10.2%), and osteoporosis (8.4%). The remaining 12.8% of the patients discontinued pioglitazone without reason for discontinuation being reported by their physician. 
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Discussion
We are reporting the adherence of physicians to appropriate initiation of pioglitazone and monitoring of its adverse events among patients with T2D seeking care at a large primary care center in Saudi Arabia. The physicians were moderately adherent to filling the safety monitoring sheet. They were adherent to proper pioglitazone initiation. For example, no patients were started on pioglitazone with heart failure or a history of bladder cancer. Even the few patients with elevated liver enzymes or osteoporosis at baseline were found to be mild cases or already on medication. Pioglitazone in practice was shown to be prescribed for patients poorly controlled by other oral hypoglycemic drugs and who have multiple comorbidities, sometimes contraindicated ones. 17 However, appropriate choice of patients treated with pioglitazone is critical to reducing the burden of adverse events and to increasing the drug tolerability. For example, in a postmarketing surveillance study conducted in a primary care setting in the UK, it was found that patients who developed adverse events of pioglitazone had high frequency of preexisting medical conditions such as liver problems (6.3%), cardiovascular conditions (43.6%), and obesity (49.5%) and are at higher risk of discontinuation.
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Weight gain was the most frequent adverse event monitored in follow-up visits. This can be attributed to the fact that it is easily measured, routinely done during clinic visits, and it can be self-reported. Other than weight, other adverse events were monitored moderately (such as liver enzymes 
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Tourkmani et al and edema) or poorly (such as BMD, ECG, and hematuria). We could not identify a similarly designed study to compare the current findings. However, the unsatisfactory frequency of monitoring observed in the current study may be partially explained by the high percentage of pioglitazone discontinuation. In addition, the poor monitoring of BMD and ECG may indicate that these measures were requested for high-risk groups rather than all patients. Interestingly, there were no follow-up records for hematuria. The current recommendations for preventing bladder cancer among those who receive pioglitazone focus on the patient history of the disease or its risk factors (such as age, smoking, and exposure to certain chemicals or treatment) before initiating the drug and patient reports of bladder cancer symptoms (pain and blood in urine) during the follow-up. 19, 20 Therefore, the physicians probably used patient history rather than using urine dipstick.
Weight gain (≥3 kg) was the most common side effect in the current study, affecting approximately one-third of our patients. This frequency was much higher than that reported in previous studies (<4%). 18, 21, 22 However, when comparing the average amount of weight change, the weight gain in the current study (2.36 kg) is lower than the weight gain reported in other studies (3.0-4.3 kg). 18, 22, 23 The average weight gain over 48-week period was 3 kg in pioglitazone users only and 1.4 kg when dapagliflozin was used with pioglitazone. 23 The results of our study may report lower average weight gain due to higher dropout rates among our patients who gained >3 kg in the same period. Weight gain caused by pioglitazone is probably a combination of fluid retention and fat accumulation. 24 The rest of the adverse events were comparable to the rates reported before. 7, 21 Although glycemic control in the current study was significant and comparable to previous studies, 6 >60% of our patients discontinued pioglitazone. This issue was considerably higher than that seen in postmarketing surveillance studies where ~30% of the patients discontinue pioglitazone. 21 Moreover, it was markedly higher than that seen in controlled studies where only 6%-16% of the patients discontinue pioglitazone. 22, 25 This discrepancy may be at least partially explained by the fact that two-thirds of our patients discontinued pioglitazone for causes other than adverse events, including physician advice to shift to insulin which was the most frequent cause for discontinuation. Previous studies conducted in a similar setting showed that approximately one-third of the patients who discontinue pioglitazone do that for reasons related to poor glycemic control. 18, 21 Excess weight gain was the most frequent side effect to cause discontinuation of pioglitazone in our patients. Previous studies showed conflicting findings for the role of weight gain in discontinuation of pioglitazone, with some reporting a major role 21 and others reporting a minor role. 22 The current study had the advantage of being the first local study to monitor the safety of pioglitazone, in a real time general practice setting among a group of poorly controlled T2D patients. Nevertheless, we acknowledge some limitations such as the retrospective design and possible selection bias. In addition, being a single-center study, the results of the current study should be generalized cautiously to similar populations. However, we believe that sharing our experience may enhance the awareness of pioglitazone safety in a primary care setting and could be used as a basis for future multicenter prospective studies.
Conclusion
This study reports an appropriate initiation of pioglitazone but suboptimal adherence to pioglitazone safety monitoring in a primary care setting. Weight gain was the most frequent side effect and was the most frequently monitored side effect. Also, weight gain was the leading cause of drug discontinuation among adverse effects. The current finding points to the critical need to enforce better the adherence of physicians to pioglitazone safety monitoring by increasing their awareness as well as adding electronic flagging of treated patients.
